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actions of its competitors can sometimes affect the level of those costs.22 the mere

existence of competitors has no effect on the firm's costs. However, under spectrum

shariDg arrangements, a firm's costs depend critically upon the mnDbcr of competitors

in the market, the technology they use, and the services they supply. Thus adoption

of non-exclusive licenses for WBPR LMS systems greatly increases the uncertainty

associated with an investment in research and development, and, all else equal, this

would slow the rate of innovation in the WBPR LMS market

D. Jgepdle' the NeW or 0-.'''" WIll Not .... .. MoD Tm' p'"*,'
DIycqIty

The Commission's interim rules and the proposed rules in the NOPR

intentionally provide a great deal of tecbnical flexibility to service providers. The

technology for WBPR LMS systems is changing over time; different licensees currently

use different systems with different technical characteristics which serve customers in

different ways. Thus under the interim rules, technology progressed along different

paths, and there is no reason to think that adoption of similarly flexible permanent

rules would eliminate that technological diversity.

1. The ...ber or WBPR LMS pnmden ia eadI aaarket does BOt u.Jt fec:IudcaI
divenity or tile ...ber of IInDs supplyia, RaD.

Co-cbannel se~tion does not reduce technological diversity. Under the

Teletrac proposal, only two WBPR LMS systems can compete in the 900 MHz bands

in a single geop-aphic market, but both systems would have an incentive to innovate

ZZpor ....pIe, npnmiOll of a competitor wIaic:h abifted outward the market demand for • iaput
would iDcreue the market price for that input.
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or to adopt any teehno1oJies that lowered costs or expanded capacity. Even if the

same two WBPR LMS firms competed in every geographic market in the U.S., each

system in each uea would have an independent incentive to provide the most

profitable service at the lowest cost, even if that service or technology differed across

geographic markets. As each new pographic market develops, firms must decide

which technology to implement. As these markets are pnerally not contipous, the

choice of technology for any firm can differ across markets. Indeed, one might expect

there to be technical differences that might cause a firm to prefer one teclmolOJY in

(e.g.) small markets and another technoloa.v in large markets or one technology in

dense areas with tall bulldings and another in sparse areas. Under the Commission's

flexible rules, competition among technologies-even for WBPR LMS systems in the 900

MHz band-would not be constrained by a limitation on the number of firms in each

market.

This point is critical and easy to miss. Co-cbaDnel separation limits~

eeQKTaphic market to two WBPR LMS competitors in the 900 MHz bands.2S Given

the number of geographic markets in the U.S. and overseas, there is no limit to the

number of competitors from the perspective of inducing research, development, and

technical change. Of course, Teletrac does not design or manufacture its own

equipment; it purchases equipment from multiple vendors (such as Mitsubishi and

Tadiran) who in turn supply equipment to providers of other telecomnumicatioDS

services. Competition among WBPR LMS system providers and equipment

~ut, of coune, there are other COIDpeUug sourca of LMS senic:es besides WBPR LMS serW:e in
the 900 MHz buds..
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manufacturers for discovering better and 1ower-eost technology and equipment is

unaffected by limitations on the number of WBPR LMS providers in any single

geographic market.

Cellular mobile telephone pl'OYides an eumple of technical progress and

diversity in a duopoly market structure.24 At present, cellular teclmology is based on

analog radio technology. Some markets are currently readring saturation, however, and

a great deal of research and development has been undertaken to find ways to make

more efficient use of the given allocation of spec:trum. While cellular providers have

invested heavily in such research and development, many of these recent technological

advances have been made by equipment manufacturers (such as Motorola and Nokia)

and by system suppliers (such as ATciT). The jmminent transition to digital

technology will expand. cellular capacity by a factor of between 3 and 20 which, in

turn, should lower prices considerably. At the same time, a massive investment in new

equipment will be required, and there is still uncertainty regarding the details of the

new digital technology. Both time division (1DMA) and code division (COMA)

technologies are being tested and touted, and a great deal of investment in research

and development has been undertaken to determine this next step in the tedulologica1

evolution of the cellular industry. The fact that digital encoding would require

replacement of telephones has led some firms to consider hybrid methods to transition

from analog to digital without displacing the embedded base of equipment. In short,

technical change and technological diversity seem to be thriving in the cellular mobile

24accall that the preICIICC of dole subItitutea for WBPR LMS senicea meaDS that it is ..........
to term the market ItrUctUre rewJtins from Teletrac's proposal a duopoly.

•
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telephone martet, despite the co-cbannet separation requirements that limit each

geographic market to two participants.

2. TecJualeat dheiidty would be IIwIted by tile reqIIinIDeat dlat .... lUre
spectrum.

0peniDg the 900 MHz band to multiple users on a shared basis would not

necessarily increase the diversity of service and tedmoJ.o&y. As shown in the

EnmnwiPK An,. of Cnd1.pnc;J Puke-RUA. LMS SptcJDL25 Section IX and in

Dr. Jackson's Affidavit,36 it is difficult for different technologies to share spectrum

efficiently, particularly if their pattern of use of spectrum is very different. Since

sharing requires dose coordination of the technical parameters of the services offered

among competitors, it would be difficult (for example) to accommodate a new service

or technology wbose technical characteristics were very different from that of the
•

incumbents. Whatever advantage multiple Providers would have in theory in supplying

diversity would be offset in practice by the conforming requirements imposed by the

need to share and coordinate use of the spectrum. Moreover, some LMS services, e.g.,

personal location services, require more bandwidth than others, so that restriction of

the bandwidth available to a WBPR LMS provider to less than the full 8 MHz may

actually reduce the availability of services.

25p.u. Raymaed PicIdIoItz, EMinmiw AnNPi' of C«heprI his·'... LMS Srtee (JUDe,
1993) (laereiDafter "Pic:khokz Study").

26AfticIaW of Dr. CJaIdes L. Jacboa., Attad-eet to the Reply c( North A'M"isen T+tns epd

Jpqtim T"'ur++f 'w; FCC Yale NO&. 347.a13-347S02, April 8, 1993, pp. 8-10.

..
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3. Dhenlty 01 WBPR LMS _rices ill tile ,.. MHz ... Is aot ......, to
proYide LMS .-.lee clhenity to euta.....

Service diversity must be measured in the eyes of the customer. Consumers

derive no additional satisfaction if a diversity of needs are met by a diversity of

services in a particular frequency band The benefits from service diversity accrue to

customers irrespective of the frequency used to provide the service. There are

currently substitute teebno1ogies performing some of the same functiODS as WBPR. LMS

in other areas of the spectrum, and thus new technologies and new LMS services can

and doubtless will-be developed for use in other frequency bands. The use of

emerging technologies' spectrum for new PCS semces, for eumpte, is intended to

spawn the widest possible range of services with as much technical flexibility as

possible. As markets for location-based services expand, nothing prevents innoYators
•

from designing LMS technology for the 904-912 and 918-926 and other bands. The

number of firms providing service in these particular bands should have no effect on

the rate or direction of technical progress.

E. $gmmea or "flits from 0jJCI Eata

The outcome of a competitive process in a market having unrestrided entry

and non-exclusive spectrum licenses is different from that of an ordinary market. In

ordinary markets, pursuit 1)f profit induces firms to enter whenever a profitable

prospect arises; thus above-normal economic profits are competed away. The result

for consumers is an efficient number of firms in the market, prices consistent with

economic costs, a reasonable amount of product differentiation and semce diversity,

and. prudent amount of investment in research and implementation of new .technology.
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However, in order to implement non-exclusive licenses for WBPR LMS services in the

900 MHz band, some form of spectrum sbarin& would be required And that sharing,

in turn, would require coordination among firms that would reduce the desirable

outcomes of the competitive process.

Fint, if market entry required only a non-exdusive license for a WBPR LMS

system, the resulting number of firms in the market would not nec:essariJ.y exceed the

maximum of two firms that exclusive 8 MHz licenses would accomplish. Facilities and

overhead spectrum requirements of WBPR LMS systems must be duplicated for every

entrant. It has taken nearly twenty years for commercial WBPR LMS systems to come

on line and it seems unlikely that increauDI the fixed COlt per unit of capacity for

service providers would result in a more rapid development of this teehnoiOlY. In

addition, even if a marltet could support four or eight firms, the fact that licenses are

non-exclusive subjects potential entrants to a level of risk that would reduce any

economic incentive to invest in facilities or new technology with the expectation of

earning a return in the LMS market.

Second, even if non-exclusive licensing resulted in more than two firms per

market, it does not follow that the market price would be lower than with two firms

and co-channel separation. Coordination required for sharing would mitigate some of

the benefits of having additional competitors, as would the relative sensitivity to price

of the demand for LMS service. Coordination and frequency-sharing increases

substantially the cost per unit of capacity, so that even if market behavior were

significantly more competitive with more competitors, prices would not necessarily fall

•
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from their level achieved with co-cbannel separation and two competitors in each

market

1bird, even if each geographic WBPR LMS market became less concentrated

under non-exclusive licenses, the resulting use of the spectrum would not necessarily

be more efficient While additional competitors may expand demand, it does not do

so costless1y. There is no necessary relationship in economic theory between the

number of firms in a product market and the rate and intensity of research and

development, and there is evidence from the cellular market that many firms undertake

research and development that do not participate in any geographic market as a

cellular provider. Non-exclusive liceDSing greatly increases the uncertainty fac:iD& an

investor which, all else equal, reduces the incentive to undertake research and

development projects. .

Finally, expanding the number of competitors in each geosraPhic WBPR LMS

market will not necessarily increase technological diversity and may actually reduce the

scope of LMS services available to the public. Expanding the number of competitors

requires sharing spectrum, which can be difficult or impossible for firms using ditferent

technologies and providing different services. LMS services such as personal location

would not be feasible to perform in a WBPR LMS environment having less than 8

MHz of spectrum. In addition, there are many geographic markets and many other

areas of the spectrum where innovative LMS services can be provided. Teletrac's

proposal to institute co-channel separation and limit the number of WBPR LMS

competitors in the 904-912 and 918-926 MHz bands to two in each geographic market

«
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does not restrict the ability of an entrepreneur to bring a new service or a new

tedmology to market

In. COSTS OF ADDmoNAL I.MS COMPE111ORS

In its NQlB, the Comminion seeks comment on the feasibility of sharing

the 904-912 and 918-926 MHz bands &mODI different WBPR LMS providers.7:1 If

sharing is "immediately feastole," licenses would be granted for 8 MHz WBPR LMS

systems on a non-exclusive basis in the 904-912 and 918-926 bands, and licensees would

coordinate amoDl themselves to avoid interference. Like the concept of interference,

the concept of feasibility is governed by economic considerations. Whether customers

are willing to pay that cost, and whether the benefits from having more than two
•

WBPR LMS licensees in each market outweigh those costs are economic issues.

In this section, we examine the additional costs incurred to provide WBPR

LMS service under a number of different assumptions about how that service is to be

provided. The basic model we will use begins with a baseline cost per unit of

capacity determined by the cost of each of two 8 MHz WBPR LMS systelDS occupying

the 904-912 and 918-926 MHz bands respectively.a This baseline cost thus represents

each finn's unit cost under the Teletrac proposal of co-channel separation and exclusive

27NOPR. f 22-

2&rbc capacity ci a .,.. obviously depeads OD tile partic:uIu WBPR LMS senice ... pnMded.
A~ 1IIed~ for auto theft recoway co8Id Iene -.y IDCft aubIcriben tIIa a .,.... ..
for trKtiag IdIool ..., because there is DO aecd to track tile IocatioIl ci lIlY auto UIItiI it is cIetermiaed
to be ltoleD. For ClCJIM:IIieDce, we will IDCMUre system c:apac:ity 15 tile Dumber of UDits that eaD be
traded duriaa peak .. periods.

•
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WBPR LMS liceDSiDg; increases in unit COlt above this baseline thus represent the

additional costs required to obtain the beDefits discussed in Section U.

A. Co.. or Im'. P wi wJtIa Mprc eM OM Sw "r

For convenienCe, we will focus on one of the two 8 MHz bands that the

NOPR proposes to devote to WBPR LMS services. Suppose a single firm using an

8 MHz WBPR LMS system could supply the market ca.pac:ity of 100,000 units at some

unit cost, say $100 per unit. H two firms serve the same pograpbic market instead

of one, what would be the lowest posstble average unit cost that the two firms could

attain? To answer this question, we begin by listing the duplication of resources and

facilities that is necessary to support two independent facilities-based providers of

WBPR LMS service.

1. DupUcatioD of Fadllties

There are a number of categories of costs that are fixed with respect to the

number of subscribers that must be duplicated if an additional firm enters the market:

e.g., equipment and facilities, marketing and advertising, administration, etc. In

particular, each firm incurs fixed costs of research and development which are likely

to run into the tens of millions of dollars, and these costs are sunk in the sense that

the firm cannot easily recoup them if it decides to exit from the WBPR LMS business

altogether. Before a firm decides to enter the business, it must expect to be able to

recover its variable costs as well as its fixed costs; no firm willingly enters a market

with the expectation of losing money. Hence, the market price-in equihbrium-should
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be higher (all else equal) with more firms in the market because it must recover the

combined fixed costs of all firins in the martet.

In order for two WBPR LMS Systems to serve the same geographic area,

each firm must buy or lease facilities and equipment to

• broadcast sipals that can be received by all mobile units in
the geographic area,

• receive sipls from mobile units at as many different
locations as are ecessary to obtain AJfficieDtly accurate
location estimation by mulitlateration, and

• link each receive site with a centtal computing facility that
performs the multilateration c:alculations.

Each of these facilities must be installed for the system to serve a single subscriber,

and all of these costs are roughly independent of the number of subscriben or the

number of vehicle locations performed. The cost per unit of capacity of these fixed

facilities will thus double if two firms serve the market instead of one.

A rough estimate of the magnitude of these costs can be obtained from

Teletrac operating expense data for its Los Angeles system. Total (annualized)

operating expenses for 1992 came to $5.7 million, of which about $1.7 million (or 31

percent) are approximately fixed with respect to the capacity of the system. Assuming,

conservatively, that all other expenses (mainly labor compensation and benefits) are

proportional to the capacity· of the system, four firms serving the market would have

annual operating expenses that totalled about 47 percent higher than two firms

providing the same amount of capacity. The operating costs of eight firms serving the

market would total about 142 percent higher than two firms serving the same market.
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In addition, eac:b potential WBPR LMS entrant must aped to be able to

price sufficiently hiP above its variable costs to recover its cost of developing or

licensing a WBPR LMS technology. From Teletrae's experience, the one-time costs

of research and development are in excess of S60 million with additional tens of

millions likely to be incurred. Conservatively amortizing tbis sunk cost over 10 years

with a 10 percent discount rate would add about $10 million to the annual cost that

must be covered for entry to be profitable. While the $10 million annual cost can be

spread over each geopaphic market, it is still quite large relative to operating

expenses, and a potential entrant must have a reasonable prospect of recovering both

fixed and variable costs before it can be induced to enter the WBPR LMS business.

2. DupUeatioD of Spectnua OftrIIead

In addition t6 fixed costs of towers and transmitters, WBPR LMS systems

also use a certain amount of capacity in the form of overhead transmissions to

calibrate the system and to establish, monitor, and re-establish system synchronization.

Using current technology, such

"!

transmissions for an 8 MHz firm

comprise between 5 and 15 percent

of its current system capacity. Two

firms sharing the 8 MHZ would

each require the same amount of

overhead capacity as the single 8

MHz firm, so that doubling the

Table 1
Capacity or WBPR LMS~

...... ....- ......,..... ...... ......
Capaaty . effectM 200,000 75,000 12,500
per Y.... PQlDin,l 2SO.OOO 125,000 62,500

Total effectM 400,000 300,000 100,000
Capacity DOIIIiDal soo,ooo soo,ooo 500,000
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number of firms would double the required total amount of overhead capacity.

Assuming overhead capacity to be 10 percent of the capacity of a sinJle firm,

increasing the number of systems in a market from two to four causes the effective

capacity to fall by 2S percent

Table 1 shows the effect on capacity of increasing the number of firms

serving the same geographic market Since total capacity is 500,000 subscribers, each

system will require 50,000 units of capacity for overhead. Two. 8 MHz WBPR LMS

systems with a combined nominal capacity of 500,000 subscn"bers would thus require

100,000 units of capacity for overhead costs, permitting them to serve 400,000

subscribers. Each of four firms that together would have a nominal capacity of

500,000 would be able to serve 75,000 subscribers and would devote 50,000 units of

capacity to overhead transmissions. Effective total capacity would thus fall from

400,000 to 300,000 as two additional firms enter the market, a reduction of twenty-five

percent.

This phenomenon is precisely analogous to the effect of fixed costs of

facilities discussed in the previous Section. If two small systems serve the same

demand that one large system serves, each system requires its own facilities, and that

requirement-all else equal-makes the unit cost of the two systems higher than that

of a single large system. Here, each system requires calibration and synchronization

transmissions whose capacity is approximately independent of the total capacity of the

system. It is roughly twice as expensive to keep two small, independent systems

calibrated and synchronized as to synchronize and calibrate a single system having twice

the capacity as the small systems. We can combine these effects with the duplication
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of facilities effect ctiscusIed in the previous section. There, operating cost per unit of

capacity was estimated to be 47.s percent hiJber if demand were selVed with 4 firms

rather than 2 and 142 percent higher if demand were served with 8 firms instead of

2. Now, operating cost per unit of t!/fer:tM capacity is 96.6 percent higher in the 4

firm case than in the 2 firm market and 870 percent higher with an 8 firm market

than with a 2 firm market.

Note that this source of additional COI1S incurred with additional competitors

in the market bas nothing to do with the method (if any) by which the firms

coordinate their use of the spectrum. Also, the additional cost is incurred whenever

an additional firm enters the market; the cost is independent of the size of the market

actually served by the entrant.

•
B. IpeftideDt Dlylale of Bapdwidda

Another reason why unit capacity costs can increase with the number of

competitors is distinct from the previous case which depended upon dupJicadon. of

facilities and overhead capacity requirements. As discussed in Section IX-D of the

Pickholtz Study, division of bandwidth among competitors is wasteful of spectrum, since

the accuracy of measurement is inversely proportional to the !iQVITC of the bandwidth.

Suppose 8 MHz were divided between two competitors, giving each 4 MHz. 'Ibis

allocation would permit 4 WBPR LMS competitors in each geographic market, but it

would be an inefficient use of spectrum because the capacity of the system-for a given

level of accuracy-is directly proportional to the square of the bandwidth. H the

nominal capacity of the single 8 MHz firm is 500,000 units, two 4 MHz firms would

•
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together have a nomiDal capacity of 250,000 units and the total capacity of four 2

MHz firms would be 125,000 units. Thus doubling the number of competitors by

splitting each firm's bandwidth in half has the effect of at least quadrupling the fixed

costs per subscriber.29

Note that this source of additional cost is independent of the fixed costs of

facilities and of overhead cahbration and synchronization capacity. The decision to

increase the number of competitors would raise unit costs separately and cumulatively

from all three of these sources. Note also that this component of the additional costs

imposed by additional competitors does depend on the method by which additional

competitors are brought into the market:JO In particular, if two competitors share one

of the 8 MHz LMS bands using time-sharing techniques, tM3 mmpgncnt of additional

cost does not apply, siDce each system uses the full 8 MHz roughly baIf the time.31

Consider establishing a geographic market having two 8 MHz WBPR LMS

firms operating in the 904-912 and 918-926 MHz bands respectively, compared with one

based on co-channel separation having two firms in each band. The four-firm system

would have less than half the capacity and at least twice the fixed costs of the two

firm system. The benefits of two additional competitors would have to be large indeed

to justify an increase in the cost per subscriber of this magnitude.

29ymed COlts per _ m capacity are iJMneIy proportioDIl to tile square of tile total ........
available for the acmce ad cIirecdy proportioDIl to die square of the DIDDber of finDs that Jbarc the total
baDdwidtb.

30m coatrut, chapIicatDI of facilities ud ovahcIld '-dwidth requiremeDtl impale adcIitDaaI COlts
reprdlcss of the medaod by which adctitioul compelitioD is iIIlplellleDtccL

31HoMwer, time IIaariaI iDcreases system COlts ill other ways: ace SectioD C below.
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FiDally, for Jiven accuracy and power, reduction in the bandwidth available

for e8ch licensee would reduce the finaDcial viability of the service. Our previous

discussion assumes that the effect of granting non-exclusive licenses for WBPR LMS

service would be to increase the likely number of competitors in each market. Now

the decision to commit funds in the form of sunk costs to a new LMS service requires

that the investor have an expectation that the investment will return an adequate profit

to compensate for the risk. Licensing on a non-exdusive: basis increues the

uncertainty associated with the project. Uncertainty remains regarding teclmological

parameters and public demand for the various services the network can provide.

However, the prospective entrant must also forecast likely returns (and their essociated

probabilities) in scenarios with different numbers of competitors. As we have shown

above, the cost to serve a given number of WBPR LMS subscribers depends critically

upon the number of independent systems that are used to provide service.

c. Costs of CognUaetigp

The cost effects discussed so far have ignored the problem of c:oorctiDation

of different firms providing service in the same geographic area. coordination of

spectrum use can entail direct costs because resources must be expended to define and

monitor sharing arrangements, and it can impose indirect costs in which unit costs of

the WBPR LMS services are driven upward by the need to coordinate spectrum use.

We show first that uncoordinated use of the same bandwidth in the same geographic

area by two competing WBPR LMS systems is not economically feasJble. We then
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eumine the costs of two alternatives to uncoordinated sharing: time division and

frequency division sharing methods.

1. UDeOOnJl••ted SIIaria& Is EcoaoIaIcaU,~

It should be clear from Pickholtz Study that WBPR LMS systems have a

number of characteristics which make it difficult for competitors to set and maintain

sharing roles even though the existence of such roles is in each competitor's own

interest. First, unlike narrowband systems, WBPR LMS systems determine the location

of a mobile target that could be anywhere in a coverage area. The ability to serve

a wider coverage area (holding acc:uracy constant) is a competitive advantage, and one

would expect to see firms compete by offering wider-area, higher ac:curacy services.32

Thus a critical economic difference between WBPR LMS services and narrowband LMS

services is that the gebgraphic areas served by competing WBPR LMS competitors

must overlap. Harmful interference is thus inevitable when WBPR LMS systems

compete using the same frequency.

Second, uncoordinated sharing using signal detection methods is impractical

for WBPR LMS services. The technology of pulse measurement for location

determination is not suited for detecting the presence of competitors' transmissions to

avoid harmful interference because the short duration of pulses makes monitoring too

inaccurate to be practical, iii the sense that an intolerable level of harmful interference

would result from the use of this method. Thus the uncoordinated sharing techniques

32por IOIIIe lMS .... it is cooceiYabIe tbat IICQII'KY ill a small popapbic area (c.a.. aidtoMl
Maabattan) could be ..ore important thaD wider 1ClOII.... coverap.
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used for other services (e.g., paging and air-to-p-ound telephone service) is not feasible

for WBPR LMS services.

Finally, two competing WBPR LMS systems caDDOt use the same frequency

in the same geographic area without some kind of sbariDg to avoid interference.

Consider the investment opportunities faced by potential WBPR LMS suppliers under

a non-exclusive licensing plan. Each investor must consider po&Slble antenna locations

to provide uninterrupted coverage throughout the market. Since there are a limited

number of sites that can efficiently cover the metropolitan area, the likelihood of

locating competing base stations on the same or nearby towers is 1Jiah. According to

the Pickboltz Study, at 43-44, the cost of overcoming interference from any competitor's

transmissions makes coexistence with a co-channeI LMS station within one mile

economically infeasibl~ as it would raise fixed costs by at least lOOO-fold, reduce

system capacity by a factor of one million, or increase the required bandwidth by a

factor of tOOO. An investment in such a system would probably not be profitable.

Moreover, any attempt to engineer a system to overcome the harmful effects

of a competitor's WBPR LMS system would simply trigger a retaliatory competitive

response. One system's signal is another system's noise, when they attempt to use the

same band of spectrum in the same geographic area. If one firm increases its power,

the duration of its pulses or the number of its. base stations, its service improves, and

the service of its competitors deteriorates. In a competitive market, the firm benefits

from both effects, which gives the finn an incentive to over-engineer its service.33

~ote that this iDceIIme is iDeffic:ieot evcD if DO otIIer finD retaliates becauae additioaal COltS are
iDcurred aad DO customers beDefit from the redue:tioa ill quality of rival firms' services.
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In addition, since the firm's competitors can make the same adjustments, all firms in

the competitive market face a situation in wbich costs are higher and capacity is

smaller unless rules and protocols are set for coordinated sharing.

In economic terms, the problem is called an -externality" because each firm

ignores a component of the costs that its activities impose on society. While private

parties may have an incentive and the ability to internalize extemalities among

themselves, such coordination is not costless, may have to be performed by an outside

body, and-as discussed above-may neutralize some of the benefits traditionally thought

to come with vigorous competition among unrelated firms.

This type of externality is difficult to internalize in the WBPR LMS markets.

Any firm can be a potential entrant-indeed, after nearly 20 years of interim rules, only

one firm has actually entered a WBPR LMS market, while several have professed to

have an important stake in the outcome of this Docket If sharing and/or

coordination must take into account every firm that professes an interest in entering

the market, the cost of sharing would, indeed, become prohibitive. Any investment

based on an expectation of marketing a system with given accuracy and capacity (or

facing a given level of interference) runs the risk of intrusion by a professed

competitor whose entrance would render those calculations moot. A clear opportunity

appears for greenmail, with·· a large number of potential greenmailers.
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2. 11me ud Frect-cY.Do..... SIaariDI .... Slp1fk:aDt Costs

The question remains whether or DOt sharing frequency (with no coordination

in time) or sharing time on the same frequency would be feasible or immediately

feasible in an economic sense and what the costs of such sharing might be.

The costs of frequency-sharing were treated in Section DLB, where an iron

law of signal detection means that unit costs of capacity are inversely proportional to

the square of the bandwidth of the system. In addition, the sharing of frequency

requires sharing of information about the technology of the system and the services it

supports as well as a certain communality of technology across firms.34 Such

requirements would mitigate the benefits that one would hope to obtain from inducing

additional firms to enter each geographic market. In particular, frequency sharing costs

include the reduction .in service and technology diversity imposed by the technical

requirements of sharing. Finally, spectrum sharing requires well-defined protocols that

may depend upon knowing in advance the number and identity of firms participating

in the sharing agreement. Spectrum sharing in such cases sacrifices the benefit of

open entry which reduces the probability and profitability of collusion by increasing the

number of competitors. Because extensive coordination is required to share spectrum

for these services, increasing the number of WBPR LMS competitors in a geographic

market may increase the ahility of the sharing partners to overtly or tacitly collude to

raise the market price.

34See Dr. JackIOIl's AfIidaW (Ap, cit.) t 12.
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Tune-division sharing does DOt entail the same inefficient use of the spectrum

identified above for bandwidth sharing. If two firms could cosdess1y coordinate use

of the same spectrum at difterent points in time, the effect of reduced bandwidth on

capacity does DOt occur. Each firm could use the full 8 MHz of spectrum half the

time, so there would be no loss of efficiency and associated increase in unit capacity

costs from this source. However, two or more firms cannot cosdessly coordinate use

of the same frequency at different points in time. As was the case with frequency

domain sharing, time domain sharing entails certain direct costs involving the

duplication of fixed costs of facilities and overhead calibration and synchronization

capacity.

In addition, the technical requirements of time-domain sharing mitipte some

of the anticipated eo,ntpetitive benefits of service and technology diversity and

independence of actions of the competing firms. For example, as discussed in

Pickholtz Study, pages 30-31, WBPR LMS services requiring asynchronous transmissions

from mobile units pose difficult problems, the solution of which may be to limit the

diversity of LMS services supported in a sharing environment. The number of firms

participating in the sharing arrangement must be known in advance with certainty,

because the amount of time each system can be allotted is inversely proportional to

the number of firms in the sharing plan. This information requirement is incompatible

with the intent of providing capacity to new firms that develop new services and new

technology. After two WBPR LMS competitors engineer and construct their systems

(and their marketing plans and investment plans) to accommodate each other, changes

in equipment would be required to accommodate a new entrant
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In addition, some of the intended benefits from competition require the

absence of entry barriers so that firms in the market are disciplined automatically by

the tacit threat of easy entry if supra-normal profits emerge. Thus time-division

sharing might increase the number of participants in the market (albeit at some cost)

but it also mtaim barriers to enttY in the market so that whatever competitive Pressure

that one might anticipate to emerge from open entry into geographic WBPR LMS

markets will not emerge from a time-division sharing scheme.

D. COlt. HwW'" ... aM MpIrct "M

The analysis to date has tried to identify, estimate, and compare the costs

and benefits from attempting to operate WBPR LMS services on a non-exclusive basis.

While time-division or spectrum sharing is feasible for some services, our analysis shows
•

that it is unlikely that more than two firms can profitably serve the same WBPR LMS

market on a shared basis. What these calculations do not show, however, is the added

effect on system costs due to the added uncertainty associated with investment in

research and development and in the cost of sunk facilities because important features

of the market are unknown at the time investment must be committed.

A particularly perverse source of risk derives from the effect of the number

of firms in a market subject to any form of spectrum or time sharing on the unit

capacity cost of each firm. Because the number of firms applying for a license in

each geographic market would affect the cost of any service provider in that market,

a significant component of the firm's cost structure would be unknown to the firm's

investors when capital must be committed. Moreover, this source of cost uncertainty
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is not one that the firm can do anythiDg about; reducing its costs or bedgiDg apjust

cbanJes in the prices of inputs' cannot reduce the firm's eIpOSUI'e to this type of risk.

Such uncertainty makes it unlikely that additioDal firms would voluntarily enter the

market if WBPR LMS systems were required to share frequency.

Non-exclusive licensing gives rise to other sources of uncertainty. If the

sharing arrangements were too imprecise to forecast acc:urately the amount of

interference in the band, designers would be unable to optimize systems for the

environment, and investors would run the risk of buildiD& systems that ex ante were

too fragile (and too inexpensive) or too robust (and too expensive) for the actual

environment.

The costs of additioDal uncertainty in terms of required risk premia to induce

investment are difficult .to quantify. Nonetheless, any repJatmy proposal that increases

the ability of actual and potential competitors to predict their ultimate costs and

capacities will improve the climate for investment in facilities and in new technology.

Whatever else its merits, the least uncertain regulatory environment is co-clwmel

separation.

E. Resale eoapttttpl

It is apparent from the analysis above that duplication of physical facilities

and overhead transmission bandwidth associated with additioDal competitors raises

significantly the total cost per subscriber of WBPR LMS systems. It is worth noting

that some-but not all-of the benefits of open entry can be achieved without incurring

these costs by permitting and encouraging resale of the two 8 MHz systems.
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Of course, resale competition does not directly reduce the market power (if

any) derived from 0WDiDg one of two WBPR LMS facilities in a geographic market.35

On the other hand, resale can mitigate some of the possible disadvantages of limiting

entry into the facilities market. Large resellers may be able to provide countervailing

monopsony power, particularly if they are naturally more efficient or better suited to

the retailing function than is the facilities-based provider. Resale also restricts the

amount of price discrimination on the part of the facilities owners because resellers

can arbitrage away differences in price (e.g., bulk disc:ounts) that might not be based

on differences in costs. Finally, resale does eliminate any potential market power in

the retail function of WBPR LMS services, so that ancillary services (such as special

billing arrangements) will be provided to customers at competitive prices irrespective

of the degree of co~tition in the LMS services market.

IV. S..-.I')'
The NOfB tentatively concluded that co-channel separation for WBPR LMS

systems was not in the public interest because it would foreclose benefits that the

competitive proCess would bring to consumers, including lower prices, more efficient

use of the spectrum, greater diversity of services and a more rapid growth in

technology. The Notice did not consider the possibility that non-exclusive licensing of

WBPR LMS service providers could increase the expected cost of service and the

~ecaIl that aM .lebiIity of substitutes for W8PR LMS senicca-UIiDa ctiffereat ttehnoIorIies ud
ctiftereat .... of tile apectt_-implies that the two WBPR LMS providers in uy Pea market caaot
haft. a aipificant aJDOUDl of IIW'tel power.
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degree of uncertainty auociated with the future cost of service, so that service prices

could rise, rather than fall, and that the rate of investment in facilities and in research

and development could slow.

From an economic penpee:tive, it is lmlikely that non-exclusive liceDSing will

produce the intended benefits. Operation on a non-exdusive' basis is not likely to

increase the equilIbrium number of firms in the market because such operations

increase both costs and uncertainty. Increasing the number of competitors would not,

in tum, reduce the price of LMS services because (i) there are already rea&ODable

substitutes for LMS services, and (ii) the technical requirements of providing service

in a shared environment reduce whatever competitive·· benefits might flow from an

increase in the number of WBPR LMS providers in a geographic market. Neither

economic theory nor e,mpirical evidence supports the notion that an increase in the

number of potential WBPR LMS providers in a geographic area would lead to a faster

rate of technical progress. Finally--and most importantiy-evidence from the cellular

market suggests that the large number of different geographic markets and the

presence of an equipment market means that the number of firms in each geographic

service market has no effect on research or technological diversity.

The accommodation of additional competitors in each WBPR LMS market

raises total costs of serving a geographic market significantly. Facilities must be

duplicated for every additional facilities-based carrier; based on acCounting data from

a current service provider, such fixed costs would raise industry costs by between 30

and 60 percent as the number of firms increases from two to eight More

significantly, bandwidth is required to calibrate and synchronize each system, so that
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proliferation of competitors rapidly increues the unit cost of usable capacity; the

presence of one additional competitor would increase unit capacity costs by as much

as 33 percent, and the market would be unable to function with four or more

competitors. FiDally, splitting or sharing frequency among competitors reduces the total

capacity of the system and thus increases unit capacity costs. Splitt.iD& one bandwidth

between two competitors effectively doubles the total system capacity cost Where such

duplication costs are high, some of the benefits from vigorous competition can be

derived from open entry in the resale market. Nonetheless, while it is difficult to

obtain hard evidence concerning the costs and revenues of firms in this emerging

technology, it should be clear that imposing additional costs of this magnitude will

retard investment and development of WBPR LMS tec:hnology.

Coordinating. frequency use for these services also sacrifices some of the

benefits that non-exclusive licensing was intended to produce, including price

competition among sharing partners, service and technology diversity, and competitive

benefits from open entry. In addition, non-exclusive licensing greatly increases the

uncertainty facing investors in these markets, leading inevitably to a reduction in the

development of WBPR LMS markets and to a slowing of technical progress.

1


